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Starburst galaxy M82 — APOD - Image credit: Daniel Nobre
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Motivations for studying Starburst Galaxies

* Several acceleration sites (SBN + wind)
* High rate of interactions = Calorimetry?

* Numerous at high redshift = Diffuse flux?



Outline

* Observations of Starburst Galaxies
 Particle Transport in Starburst Nuclei
* Acceleration and transport in starburst-driven winds

e Diffuse emission from Starburst Galaxies
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 Observations of Starburst Galaxies
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e Starbursts observed at GeV

* Most nearby observed at TeV (<4 Mpc)
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e Starbursts observed at GeV
* Most nearby observed at TeV (<4 Mpc)

* Most distant: Arp 220 (77 Mpc)



Observation of Starburst Galaxies - Gamma
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Diffuse radiation from starburst
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Diffuse radiation from starburst
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Starbursts are expected to shine on
gamma rays and neutrinos

* At which level can they contribute to
the observed diffuse fluxes?



Diffuse radiation from starburst
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* At which level can they contribute to
the observed diffuse fluxes?

* Can they contribute to the CR flux at
some level?
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e SBGs and UHECRs?
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 Particle Transport in Starburst Nuclei



Image credit: X-ray: NASA/CXC/Tsinghua Univ./H. Feng et al.; Full-field: X-ray: NASA/CXC/JHU/D.Strickland;
Optical: NASA/ESA/STScl/AURA/The Hubble Heritage Team; IR: NASA/JPL-Caltech/Univ. of AZ/C. Engelbracht
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p? f(p) [arbitrary units]

Particle and photon spectra in SBNi
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Particle and photon spectra in SBNi

1021 109 - ==
20 My decay =—=—=— !/' "'*\‘
10<V | SYN —— / ~
g 1019} R
od
S (i8¢ - 10
10 10
-~ =
S 4nl7l primary p ====* . O
= 10 primary e %
2 16 secondarye ——— |
o, 10 tertiary e === g
a 103 W 1011
f 1014 . - N, ] DI:]L ~ . ) X )
Q. \Q{\ L { ; s '.
1013+ / ), - . ! vou
/  Peretti+2019 N 1 I \y VoY
1012 > L 'U s '2 . '4 L 5 . o 10-12 L ' A A i A LA L . LI,
10 10 10 10 10 10 10® 104 102 100 102 10*

p [GeV] Energy [GeV]

12
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Particle and photon spectra in SBNi
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Particle and photon spectra in SBNi
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Modeling nearby SBGs
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Outline

* Acceleration and transport in starburst-driven winds
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Acceleration and transport in starburst winds

Hot shocked wind

................

.....................

Fast cool wind Wind shock

High Mach number (>10)
Efficient acceleration

15



Acceleration and transport in starburst winds
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Acceleration and transport in starburst winds
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cceleration and transport in starburst winds
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Transport model
r2u(r)o,f = 0,[r2D(r, p)o,f1 + 30, [r*u(r)lpd,f + r2Q(r,p) — r*A(r, p)
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Transport model
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Transport model
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Transport model
72u(r)o,f = 0,[r*D(r,p)0,f1 + 30, [r*u(m)pd, P+ r2Q(r,p) — r2A(r, p)
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* Adiabatic losses and gains

16



Transport model
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Particles in the system
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p° F(p) [arbitrary units]

Particles in the system
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Particles in the system
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Particles in the system
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Particles in the system
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High-Energy SED and Neutrinos
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Outline

e Diffuse emission from Starburst Galaxies



Diffuse emission from Starburst Galaxies
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Diffuse emission from Starburst Galaxies
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Diffuse emission from Starburst Galaxies
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Take home messages

 Starburst galaxies can approach calorimeteric conditions
* We expect gamma rays and neutrino both from SBNi and wind

 Starburst can provide a sizeable contribution to the multimessenger
diffuse flux (CRs, gamma rays, neutrinos)

* New observatories are coming = promising observation
perspectives!



Upcoming gamma-ray observations
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http://skysurvey.org/

Outlook and open questions

* Transport and diffusion: neutral medium?
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Outlook and open questions

* Transport and diffusion: neutral medium?
* What happens in the wind bubble?

* Diffuse gamma and neutrino flux?
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Outlook and open questions

* Transport and diffusion: neutral medium?
* What happens in the wind bubble?
* Diffuse gamma and neutrino flux?

e What can accelerate UHECRs in SBGs?
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The issue of the maximum energy
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Tracing the emission in the wind bubble — 1 GeV
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